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ABSTRACT
Abiotic Factors Influencing the Breeding, Movement and Foraging of the
Eastern Spadefoot (Scaphiopus holbrookii) in West Virginia
By Keith A. Johnson

Haphazard searches and telemetry methods were used to track movements and
habitat use of two recently discovered and only known populations of Scaphiopus
holbrookii in West Virginia. It was the purpose of this study to determine the
home range and habitat use of S. holbrookii. Toads were found to forage a
mean distance of 13.5 in. (34.5 cm) from their burrows. Habitat consisted of
open areas with soil textures of sandy loam, loamy sand, or sand. Radiotransmitters were surgically implanted in two specimens from one breeding site
to provide data about habitat use and emergence. Data loggers were installed at
each of the two sites. Abiotic factors were recorded to help determine conditions
required for breeding and foraging of S. holbrookii. Toads emerged at a
minimum relative humidity of 73%, and a mean air temperature of 63.9 °F (17.7 °C).
Toads were found at a minimum soil temperature of 59 °F (15 °C). Rain was not
a factor in toad emergence. Toads did not breed at either site in 2002.
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Chapter I
Introduction
Objectives
1) to determine abiotic factors influencing movement, foraging, and
breeding of Eastern Spadefoots. 2) to determine if populations exist at historic
locations. 3) to locate new populations in WV.
Background

Scaphiopus holbrookii (Harlan)(Eastern Spadefoot) was named for John
Edward Holbrook a well-known herpetologist in the early 19th century (Green and
Pauley 1987). Harlan first described the species as Rana holbrookii in 1835 from
specimens taken at the type locality near Charleston, South Carolina (Tanner
1939). Holbrook coined the name Scaphiopus one year later in describing a
species he called Scaphiopus solitarius. Harlan described this species the
previous year. The name Scaphiopus is derived from scapheus-a spade and
pus-foot, which describes hard tubercles on the hind feet used to dig burrows
(Green and Pauley 1987). The genus from Holbrook’s discovery along with the
specific name from Harlan was used to form what is now termed Scaphiopus
holbrookii (Tanner 1939). This was the first species of Spadefoot to be
described in America (Bragg 1965).
Spadefoots are in the Family Pelobatidae the Spadefoot family. In the
United States, there are 2 genera comprised of 7 species. Western Spadefoots
1

are in the genus Spea which includes Plains Spadefoots (Spea bombifrons),
Western Spadefoots (S. hammondii), Great Basin Spadefoots (S. intermontana),
and the New Mexico Spadefoots (S. multiplicata). Southern Spadefoots are in
the genus Scaphiopus and include Couch’s Spadefoots (Scaphiopus couchii),
Eastern Spadefoots (S. holbrookii), and Hurter’s Spadefoots (S. hurterii).
North American Spadefoots are thought to have originated in the hot, xeric
southwestern part of the United States and gradually spread eastward (Burger
1957). All share common characteristics such as explosive breeding, loud voices,
inguinal amplexus, nocturnal habits, fossil records, and rapid larval development
(Green 1963).
Eastern Spadefoots are the only Spadefoot species found east of the
Mississippi River. Their range (Fig. 1.1) is the eastern states from
Massachusetts to Florida, west to Louisiana, Texas, and Arkansas (Stejneger
and Barbour 1933). In West Virginia they are known from 6 counties (Green and
Pauley 1987)(Fig. 1.2).
Spadefoots from the Florida Keys were once thought to be a subspecies
(Scaphiopus holbrookii albus) of Eastern Spadefoots but many biologists now do
not recognize it as a separate species but simply a morph of S. holbrookii. Until
recently S. holbrookii was considered a subspecies with S. hurterii (Hurter’s
Spadefoot). Both will interbreed where their ranges are sympatric. Collins (1991)
proposed separating them into two species and after consideration by other
biologists Collins (1997) did so.
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Spadefoots have taken on a variety of names throughout history that for
the most part describe their secretiveness and explosive breeding habits after
heavy rains. Some names include Holbrook’s Spadefoot, Hermit Spadefoot,
Hermit Spadefoot Toad, Spadefoot Toad, Hermit Toad, Solitary Toad, Solitary
Spadefoot, Hermit Spadefoot, Storm Toad, Rain Frog, and Storm Frog (Wright
and Wright 1949; Gosner 1957; Burger 1957).

3
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Figure 1.1. Range of Eastern Spadefoot in United States.
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Figure 1.2. Map showing Eastern Spadefoot distribution in WV.
Yellow indicates counties with historic records.
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Description
Eastern Spadefoots are a medium-sized toad with an average snout-ventlength (SVL) of 1.7-2.2 in. (44-57 mm) and a record length of 2.8 in. (73 mm)
(Conant and Collins 1998). The head is wider than long at the angle of the
mouth (Mount 1975). In the breeding season males have swollen forefeet
(thumbs), a dark gray throat, and a black horny covering on the inner surface of
each forefoot (Johnson 2000). Green (1963) stated that males are normally
larger than females and Bartlett and Bartlett (1999) reported that males are
smaller, seldom exceeding 2.0 in (50.8 mm) whereas large females may reach
2.8 in. (69.9 mm). Spadefoots have a pair of round parotid glands. This is unlike
members of the true toad family (Bufonidae), which have oval or oblong parotoid
glands. Spadefoots have large eyes that are protuberant with vertical pupils
(Wright and Wright 1949) while pupils of true toads are round. They have
relatively smooth skin compared to true toads whose skin contains numerous
large warts. Hind feet are equipped with horny spade-like processes on the
internal margins. Since Spadefoots, like many other amphibians, can change
color due to environmental stimuli (Bragg 1965; Pike 1886) their colors range
from light brown to olive (Fig. 1.3), to almost black (Fig. 1.4). Spadefoots have a
pair of light lines in the shape of a hourglass or lyre (Fig. 1.3) that originates at
the eyes and runs along the dorsum (Conant and Collins 1998).
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© Keith A. Johnson
Figure 1.3. Eastern Spadefoot found at Virginia Point Park. Notice
olive-brown coloration and lyre or hourglass pattern on dorsum.
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© Keith A. Johnson
Figure 1.4. Spadefoot at Allied Warehousing. Notice that toad is
mostly black. Dark area behind toad is burrow. In front of toad is
railroad track.
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Habits and Habitats
Spadefoots spend most of their life burrowed into loose soils and are
mostly nocturnal. These 2 factors may make it difficult for researchers to locate
them. They can normally be found early spring to late fall or when air
temperatures are above 48 °F (8.9 °C) (Green 1963). Green (1963) described
them as very secretive and seldom collected in large numbers except during
times of breeding. Pearson (1955) described them as not being nearly as
secretive as reported in the literature and in the area of Gainesville, Florida they
are abundant throughout the year. Gosner (1957) stated that “…many people
live next door to them without ever making their acquaintance…except for
occasional outbursts of noisy activity…”. Pike (1886) described them as
“harmless little creatures …not uncommon, if only you know where to find them”.
Burger (1957) observed that they can be found one out of 10 nights searching for
food when temperatures are warm. Bartlett and Bartlett (1999) stated that they
can fast for long periods and immerge from their burrows at irregular intervals.
Mount (1975) found that they emerge from their burrows at night and on heavily
overcast days. Bragg (1965) wrote “An adult Spadefoot toad is almost never
voluntarily active in daylight except, rarely, during breeding…and occasionally on
very humid days”. Pike (1886) reported that Spadefoots in New York’s Long
Island area could be seen when weather conditions are appropriate even while
the last snow is still on the ground.
Spadefoots normally prefer areas of loose sandy soils. Bartlett and
Bartlett (1999), while referring to Spadefoots in Florida, stated “they colonize
open woodlands and woodland edges with sandy or yielding soils”. Johnson
9

(2000) reported that “ they occasionally occur in wooded areas but prefer open
fields with loose sand and soil”. Jansen et al. (2001) observed that they are
found in areas with “loose friable soils typically derived from surficial sands”
similarly, Stone (1932) found them in the New Jersey area in open pinewoods
with dry sandy soils. However, Driver (1936), found them in areas comprised of
clay. He stated “the type found in the geological reports as silt loam”. Burger
(1957) found that they preferred sandy or light soils, and select the driest
situations within their range. Pearson (1955) found that soils of major toad
habitats in Florida were well drained, loose and friable, and had no large
accumulations of organic materials.
Spadefoots occur in loose soils where they burrow using their hardened
tubercle on each hind foot. Burrows created by them have been described as
turnip shaped (Pike 1886)(Fig. 1.5). A variety of reports on burrow depth have
been published. Burrow depths range from 5cm-2.5 m (Pearson 1955; Pike
1886; Ball 1936; Jansen et al. 2001). Ball (1936) reported an extreme case in
which a laborer, while digging a grave on December 27, 1884, discovered a
specimen in the side of the grave at a depth of 3 ft 2 in. (96.5 cm).
Even though Spadefoots spend much of their lives burrowed it is still possible for
individuals to fall victim to predators. According to literature there are few known
predators. Lynch (1964) summarized predators found in literature as being
Heterodon simus, several gull species, Rana catesbeiana, Didelphis spp.
(opossum), and Coluber constrictor priapus.
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© Keith A. Johnson
Figure 1.5. Spadefoot burrow at Virginia Point Park. Notice the
turnip shape of the opening.
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Spadefoots are opportunistic feeders eating a variety of insects. Pearson
(1955) reported stomach contents of 99 individuals and found mostly Coleoptera
and Hymenoptera followed by Orthoptera, Arachnida, Myriapoda, Lepidoptera,
Hemiptera, and Homoptera.
Breeding
There has been much literature published on breeding and larvae. Rapid
growth, short larvae period, and small body size at metamorphosis are key
characteristics (Semlitsch and Caldwell 1982). Factors attributing to breeding
include large amounts of rainfall, drops in barometric pressure, minimum soil and
air temperatures. Spadefoots may breed multiple times a year or not at all
depending upon weather conditions. Accounts have also been reported of
breeding choruses in which no eggs were deposited (Green 1963; Ball 1936).
Spadefoots have been known to breed in every month except November.
Breeding takes place in temporary or ephemeral pools caused by heavy rains.
Giovannoli (1936) reported them breeding in a low area among cultivated fields
in Kentucky. Burger (1957) also reported breeding in low parts of cultivated
fields in Virginia. Minton and Minton (1960) reported breeding in Indiana at one
location with dense undergrowth and at other locations in flooded cornfields and
lawns. Green (1948) found them breeding in Ohio in a variety of places including
pasture fields, plowed fields, gardens, vacant lots, and trash dumps. He did not
find evidence of breeding in nearby roadside ditches.
Green (1963) found that a minimum rainfall of 2.0 in. (51 mm) within a 24hr period accompanied by temperatures of 50 °F (10 °C) or above was necessary
to induce breeding. Ball (1936) found that a soil temperature of 36.5 °F (2.5 °C)
12

at the depth where toads are burrowed and heavy rains that supersaturate the
soils forming temporary pools was needed for breeding. Rothman and Smith
(1960) summarized findings from Hansen (1953) who found a lower breeding
threshold of 45-50 °F (7.2-10 °C) and rainfall from 0.39-8.0 in. (10-203 mm) with
a mean of 2.74 in. (68.6 mm). Gosner and Black (1955) observed delays in the
breeding emergence of 6 hrs. to as much as 7 days. From March 22-24, 1952 1
in. of rain fell but no toads emerged for breeding. On April 1st after a slight rain
toads emerged to breed. At the time of breeding, surface temperature was
higher than during rain in March. Ball (1936) reported multiple breeding of the
same colony within a 20-day period between April and May 1935. He concluded
that not all females deposit eggs the first time environmental conditions are
favorable.
Spadefoot calls are very loud and have been described in a number of
ways. It has been reported being heard from up to a mile away. They have also
been reported calling from underground. Wright and Wright (1949) described the
call as a “hoarse, coarse, monosyllable, wank, wank, like the call of young
crows”. At a half mile distance “like the snarling or complaining note of a cross
baby…like young herons in a herony…as naarh, naarh, complaining, nasal, not
shrill or high pitched”. Burger (1957) also described the call as that of a young
crow. Pearson (1955) described them as having loud, hash voices. Abbott
(1884) wrote, “the machinery for producing sounds equal to an ordinary steam
whistle are apparently contained in the throat of this rare and curious batrachian”.
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Ball (1936) described the call as “not at all musical, it is rather a bleat of medium
pitch for anurans”.
Amplexus among Spadefoots is inguinal. Males grasp females just
anterior to the hind limbs. This type of amplexus is considered more primitive
than axillary amplexus used by Bufonids in which males grasp females just
posterior to the forelimbs.
Eggs are deposited among vegetation and are in the form of strings or
bands (Green and Pauley 1987). Wright and Wright (1949) discussed eggs in
bands with widths of 1-2 in. (25.4-50.8 mm) and lengths of 1-12 in. (25.4-304.8
mm). Eggs were 1/16-1/12 in. (0.39-2.1 mm) with envelopes from 3/16-1/5 in.
(4.8-5.1 mm). Clutch size can consist of 1000 to over 2500 eggs (Mount 1975).
Hatch time depends on environmental conditions. Reports have been made of
hatching taking little as 12-hrs to 7 days (Richmond 1947).
Larvae development is also mediated by environmental conditions.
Development has been recorded to take 14 days to 3 weeks or more (Richmond
1947; Wright and Wright 1949; Driver 1936; Ball 1936; Green and Pauley 1987).
Gosner and Black (1955) determined larval growth to be limited by a thermal
range of 50-91 °F (10-33 °C). Burger (1957) described larvae as being “banjo
shaped” with large bodies that bulge at the sides. Larvae have also been
described as having gold flecking with a reddish line on the dorsum of the tail.
Labial tooth formulas are 5/5 to 6/5 but variations due occur in different
geographical areas (Hampton and Volpe 1963). Richmond (1947) stated that
larvae are voracious eaters and due to the insufficient development of labial

14

teeth, feed on plankton in their first few days of development. After teeth have
developed, Richmond found that larvae will consume both plant and animal
matter. He witnessed on one occasion larvae consuming Spadefoot eggs of a
later breeding period. They have been reported as constant swimmers, which
swim in groups or schools. Bragg (1965), as reported by Burger (1957), stated
that schooling is a cooperative food gathering technique. He reported that each
individual of the school will lash its tail in such a way as to stir up material resting
on the bottom of the pool. Each individual of the school then consumes what it
can. One key aspect of larvae is the development of cannibalistic morphs. The
excepted hypothesis for such development is stress from environmental
conditions. Evaporation of temporary pools can be rapid and result in
overcrowding and depletion of food resources. Cannibalistic morphs are thought
to develop as a means of species survival. Though cannibalistic morphs may
survive unfavorable environmental conditions, they normally emerge much
smaller than larvae under ideal conditions.
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CHAPTER II
Materials and Methods
Study sites
In May, 2001 two new Scaphiopus holbrookii breeding sites were
discovered in Wayne County, West Virginia. This was the first time the toad had
been reported in the state for 30 years (N. B. Green Museum of Natural History).
Two sites are located on the Catlettsburg quadrangle (Fig. 2.1) and are the focus
of this study.
Allied Warehousing
The first site is located next to Allied Warehousing, a large storage facility
located in Kenova, WV. The facility receives and distributes goods and has
numerous tractors and trailers entering and exiting daily. A chain link fence
surrounds the building. The breeding pool is located on the East side of the
building. The pool is approximately 203 ft (62 m) long and 6.5 ft (2 m) wide and
13 ft (4 m) from the warehouse. It runs parallel to the warehouse and is crossed
at its midpoint by the chain link fence (Fig. 2.2). Runoff from the building flows
directly into the pool and contributes substantially to the pools water level. The
pool is deepest at the South end (13.8 in.; 35 cm) where a drain tile is located.
Water drains through the tile at an extremely slow rate and sometimes not at all.
The pool is surrounded on the East, by a maintained lawn and on the West by a
narrow grassy area that extends to the warehouse. This grassy area is mowed
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Figure 2.1. Topographic map detailing locations of study sites.
Flags represent approximate locations.
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© Keith A. Johnson
Figure 2.2. Breeding pool at Allied Warehousing. Notice gutters
from building directed towards pool and fence crossing pool at its
midpoint.
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about 2 times per month. To the East of Allied Warehousing is Willard Home
Products. There is an area surrounded by a chain link fence on the West Side of
the building that holds water after heavy rains. On the South side of Allied
Warehousing is a large blacktop parking lot followed by the chain link fence then
a small grassy area, an abandoned railroad with an old train engine (Fig. 2.3),
another small grassy area, then another railroad, which is used frequently and
finally by Beech Street. To the East is a small grassy area that runs along the
abandoned railroad and is maintained as frequently as the area East of the
breeding pool. Continuing East across this small grassy area and the
abandoned railroad is a small hill containing dense vegetation. Across Beech
Street, which parallels the South Side of Allied Warehousing is an Ashland Oil
storage facility.
Virginia Point Park
The second study site, Virginia Point Park (VPP), is located approximately
0.25 miles (0.4 km) NW of Allied Warehousing. This area is located between the
confluence of the Big Sandy and Ohio rivers. The entrance road to the park
crosses a floodwall, then drops slightly in elevation. It passes a large area to the
right, which I designated the sand flat area due to its soil consisting mostly of
sand deposited by river flooding (Fig. 2.4). A well maintained lawn parallels each
side of the entrance road. Upon entrance into the park there is a road that turns
West into a parking lot for the boat launch onto the Big Sandy. Well-maintained
lawns surround the entire parking area. Across the lawn on the South side

19

© Keith A. Johnson
Figure 2.3. Old train at Allied Warehousing. All but one toad from
this site was found in this area. Most were located between the
tracks. Both implanted toads live here. The Ashland Oil facility is in
background.
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© Keith A. Johnson
Figure 2.4. Sandflat area at Virginia Point Park. Notice sandy soil in
background.
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of the parking area is the second breeding site.

This pool (pool 1) is

approximately 131 ft (40 m) long and 6.5 ft (7.6 m) wide (Fig. 2.5). A dirt road
crosses the lower or East end of the pool. Local 4-WD vehicles sometimes travel
this road. The pool is located within the well-maintained lawn, which sets in one
of the lowest areas of the park.

This pool and the surrounding area are

inundated when the Big Sandy and Ohio rivers are at flood stage. Behind the
pool the topography is slightly elevated. This elevated area fragmented by the
4WD road has similar terrain and soil as the sand flat area. The 4WD road
follows the Big Sandy southward passing through a riparian area. About 1476 ft
(450 m) out the road there is another pool to the East (Fig. 2.6). This pool, (pool
2), is located within a river riparian zone. This pool was found by hearing calls of
other anurans and was considered to be a possible Spadefoot breeding site.
The pool contains a variety of large trees as well as accumulated debris left
during high water from the Big Sandy.
Haphazard searches
Haphazard searches were used to locate individual toads within the study
area. Searches were conducted at night and during or within 24-hrs of rainfall.
To locate individual toads, I walked a parallel transect with straight lines that
overlapped one another. At each study site, the layout of the land was studied
and transects were walked to maximize search area. When a toad was found, a
variety of data was collected. First, the toad was secured in a plastic zip-lock
bag. Then, the exact location was marked with a reflective twist tie. Soil
temperature was measured with a
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© Keith A. Johnson
Figure 2.5. Virginia Point Park pool 1. This is a known Spadefoot
breeding site. Notice fencing constructed to help detour automobile
traffic and mowing.
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© Keith A. Johnson
Figure 2.6. Pool 2 at Virginia Point Park. Notice debris
accumulation from recent flooding by the Big Sandy River. It is
uncertain if Spadefoots breed here.
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Reotemp brand pocket thermometer and air temperature with an armored
thermometer. Next the toad was measured with a dial caliper. Measurements
included snout-to-vent length (SVL), tibia length, eye diameter, cranial and
parotoid width, and weight. Weight was taken with either a Pescola 50 g spring
scale or an Ohaus HH 320 digital scale. All measurements were in millimeters or
grams and were recorded in a write-in-the-rain notebook. Toads were not toeclipped but digital pictures were taken of each with a Nikon Coolpix 995 camera
to aid in determining recaptured individuals. If a toad was found near its burrow,
the distance from the burrow was measured with a retractable tape. The toad
was then released at the exact location of capture. Reflective ties were left at
each capture site for future reference.
Data logging equipment
Permission was granted from representatives of both Allied Warehousing
and Virginia Point Park to install data logging equipment at each site. Each site
was studied and precautions made not to place equipment in areas that would
receive possible tampering. An Onset data logging rain gauge and an Onset
HOBO Pro temperature and relative humidity data logger covered by an Onset
radiation shield were placed behind the chain-link fence at Allied Warehousing.
The rain gauge was bolted to a concrete platform approximately 6.5 ft (20 m)
from the breeding pool. The temperature/relative humidity logger was bolted to a
wooden walkway that was located on the far end of the pool. This location was
ideal since the fence protected the equipment from tampering.
At Virginia Point Park, an Onset HOBO Pro temperature and relative
humidity logger covered by an Onset rain shield was used. The logger was first
25

concealed using camouflage tape then placed on the back of a small tree that
was covered with vines. The logger was located as close to the breeding pool as
possible (66 ft; 20 m). Each month data loggers from each site were offloaded
onto an Onset HOBO Shuttle. Information was later downloaded into a computer
with Onset Box Car 3.7 software.
Soil collection and analysis
Soil samples were taken at each site to determine the ratio of sand, silt,
and clay. An Oakfield 36” soil probe or a 2” diameter AMS brand soil auger was
used to take a 10-14 in. (25-35 cm) sample from each area where burrows were
located. Four areas were sampled at Allied Warehousing and 2 at VPP. At
Allied Warehousing, one soil sample was taken between the abandoned railroad
approximately 6.5 ft (2 m) in front of the old train (sample 1), about 16 ft (5 m) in
front of the train (sample 2), and another about halfway between the east
entrance and the old train but outside the tracks on the Beech Street side
(sample 3), and the last about half way of the grassy area to the East of the East
entrance but just before the abandoned railroad (sample 4). At VPP two samples
were taken, one above pool 1 just North of the 4-WD road (sample 5), and the
other in the sand flat area (sample 6). Samples were placed in Nasco whirl-pak
containers, labeled, and transported to the lab. Methods for soil analysis were
taken from Bouyoucos (1951). Soil samples were then dried in an oven at 149
°F (65 °C). Samples were then sifted through a #10 Fisher Scientific brand
sieve. Each sample was mixed thoroughly to create uniformity in order to
determine sand, slit, and clay ratios. Twenty grams of each sample were
weighed to the nearest 0.1 and placed in a 149 °F (65 °C) drying oven and after
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3-hrs then removed and reweighed. Since atmospheric dry weights differ from
oven dry weights, this step was used to create a conversion factor that was later
used to calculate soil ratios. At the same time samples were placed in the oven,
75 grams of each sample were placed in a 500 ml Pyrex brand flask containing
100 ml of distilled water. Flasks were shaken by hand to wet the soil. Five ml of
1 M NaOH (4 g/100 ml water) were added to each flask followed by 5 ml of
saturated sodium oxalate (3.7 g/100 ml water) to keep the soils from clumping or
flocculating. Flasks were then filled to 2/3 their volume with distilled water.
Samples were allowed to slake for 15 minutes, stoppers were place on the
flasks, and each flask placed on an Eberbach brand shaker for 30 minutes. Each
sample was then placed in a 1000 ml sedimentation cylinder and a wash bottle of
distilled water was used to remove all contents from each flask. Next, a VRM
brand hydrometer was placed in each cylinder that was filled to the 1000 ml mark
with distilled water. The hydrometer was then removed and each cylinder was
turned end over end 10 times to mix the sediments. The time was noted
immediately after the cylinder was placed on the table. After 40 sec a
hydrometer and water temperature reading was taken and the hydrometer
removed. The samples were allowed to set undisturbed for 2-hrs then another
hydrometer and water temperature reading was taken.
Sand is defined as being 0.08-0.002 in. (2.0-0.05 mm) in diameter, clay as
being less than 0.00008 in. (0.002 mm), and silt as 0.002-0.00008 in. (0.05-0.002
mm) (Barbour et al. 1999). Soil calculations were taken from Bouyoucos (1951).
The oven dry weight of the hydrometer sample was calculated by dividing the
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oven-dry weight by the atmospheric dry weight of each 20 g sample then
multiplying it by the atmospheric dry weight of the 75 g hydrometer sample.
Temperature corrections were made by adding 0.2 to the hydrometer reading for
every 1 °F above 67 °F (19.4 °C). Percent sand was determined by multiplying
the temperature corrected hydrometer reading at 40 sec by 100 then dividing by
the calculated oven dry weight. This value was then subtracted from 100.
Percent clay was calculated by dividing the temperature corrected hydrometer
reading at 2-hrs by the calculated oven dry weight then multiplying that value by
100.

Percent silt was calculated by adding the percent sand and clay then

subtracting that value from 100. A soil texture triangle was used to determine the
textural class.
Transmitter implant procedure
Dr. R. Thompson and his assistant Dr. C. Linner implanted transmitters at the
Audubon Animal clinic in Bridgeport, WV. Procedures were modified from
Lamoureux and Madison (1999). Toads were captured and stored in a 5-gallon
plastic bucket with a 1:1 mixture of sand and topsoil until time for transportation
to the clinic. At that time, toads were rinsed in distilled water and placed in a
plastic shoebox-sized container containing moist paper towels. Upon arrival at
the clinic, toads were rinsed again in distilled water.
Two different but similar methods were used to anesthetize toads. The
first toad was placed in a shoebox-sized Sterlite container that had been modified
with PVC fittings to allow a plastic hose hook up (Fig. 2.7). After placing the toad
in the container, the lid was attached and the plastic hose connected. A gaseous
mixture of sevoflurane was pumped into the container via the plastic hose and
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after 19 minutes, the toad became placid and was removed. Next, 2 % lidocaine
was placed on the surface of the incision point. Then, sevoflurane was again
administered by holding the plastic hose near the toad’s head. Next a small
incision was made on the right ventral side of the toad. A Holohill BD-2 (0.6 g)
transmitter was sterilized in isopropyl alcohol, rinsed in distilled water, and
inserted into the toad. Three to five 5-0 polysorb Lactomer sutures were used to
close the incision point. The toad was then placed back into the shoebox-sized
container with new moist paper towels.
The second toad underwent a similar procedure. First the toad was
placed under a large canine-breathing mask fitted with a plastic hose (Fig. 2.8).
To anesthetize the toad, a gaseous mixture of isoflurane was administered
through the hose. After 22 minutes, the toad became placid and was removed.
Next, a 2% lidocaine injection was made at the incision point and isoflurane was
again administered by holding the hose near the toad’s head. A small incision
was made on the right ventral side of the toad and the same type transmitter and
sutures were used.
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© Keith A. Johnson
Figure 2.7. Shoebox size container modified with PVC fittings (right)
to accommodate input of anesthesia. Notice toad in right side of box.
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© Keith A. Johnson
Figure 2.8. Large canine mask modified for use with toad. Toad
inside is placid at this point.
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After the procedure, toads were transported back in the same plastic
shoebox sized container containing paper towels. They were kept in this
container for 3 days to insure that they recovered successfully. After weighing
the toads, they were released at night at the exact point of capture. Toads are
referred to by their transmitter number. Toad 822 was released at its burrow,
which was in a rotting railroad tie. Toad 803 was released at point of capture but
no burrow was seen at the time.
Telemetry
Toads were tracked with a Wildlife Materials Inc. TRX-2000S radio receiver
and an AF Antronics antenna. They were tracked as frequently as possible
within the 2-month life of the transmitters. Each toad was located at night with
telemetry equipment by walking the area until a faint signal was heard, then
following that signal to its strongest point. Once the strongest signal was located,
the toad was recorded as being emerged or burrowed. If burrowed, notes were
made as to whether or not the same burrow was being used or if a new one had
been constructed. If emerged, distance from burrow, as well as air and soil
temperatures were recorded. Toads were captured the first time they emerged
so that the incision point could be examined. They were not handled the rest of
the season.
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Chapter III
Results
Overview

Night searches were conducted between April 9, 2002 and October 20,
2002. There were 45 night searches conducted within this period and 45
encounters were made (Fig. 3.1) which included new, recaptured, and implanted
toads. Fourteen different individuals were found during the study.
Monthly Data
Mean monthly temperatures can be seen in Fig. 3.2, mean monthly
percent relative humidity in Fig.3.3, and total monthly rainfall in Fig. 3.4. See
Table 3.1 for emergence and abiotic data. See Fig. 3.5 for number of searches
per month.
Means for temperature and relative humidity in April were 59 °F (15.1 °C)
and 66.5 %. Total rainfall for April was 128.8 mm. No toads were found during 7
searches that month.
Means for temperature and relative humidity in May were 62.6 °F (17.0
°C) and 76.1 %. Total rainfall for May was 82.0 mm. Four searches produced 2
encounters with toads both of which were new individuals.
Means for temperature and relative humidity in June were 75.4 °F (24.1
°C) and 76.3 %. Total rainfall for June was 45.8 mm. Four searches produced 1
encounter with a toad, a new individual.
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Figure 3.1. Total number of toad encounters for each month including
recaptures, implanted, and new individuals.
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Figure 3.2. Average monthly air temperatures.
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Table 3.1. Dates, number, and abiotic data of all toad encounters

Date

Site

5/1/02
6/28/02
7/14/02
7/14/02
7/27/02
8/5/02
8/17/02
8/18/02
8/23/02
8/24/02
8/26/02
8/27/02
9/15/02
9/17/02
9/19/02
9/19/02
9/21/02
9/21/02
9/26/02
9/30/02
10/3/02
10/3/02
10/4/02
10/11/02
10/11/02

VPP.
VPP.
Ind.
VPP.
Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
Ind.
VPP.
Ind.
VPP.
Ind.
Ind.
Ind.
VPP.
Ind.
Ind.
VPP.

No. of
toads
2
1
1
1
2
1
2
1
2
2
2
1
4
1
2
1
2
1
2
3
3
1
2
3
1

Rain
(mm)
8.8
4.8
35.4
35.4
3
0
3.6
3.4
0.4
0
1.6
1.2
12.2
0
0
0
2.4
2.4
45.6
0
0
0
3
24
24
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Air temp. (° C) Humidity
19
22.5
21.75
21.25
27.25
25.5
23.75
21.5
27.5
27.25
21
20.25
20
22.25
24.25
21.75
21.75
22.75
17.75
19.75
25.75
23.25
22.25
18.75
18.75

97.2
98.3
93.7
95.7
97.1
86.2
87.5
96.7
83.9
73
88.3
83
99.2
83.5
86.6
86.6
93.7
93.7
97.8
88.3
78.8
78.8
89.2
96.7
96.7
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Figure 3.5. Total number of nights searched per month.
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Oct

Temperature and relative humidity means in July were 79.3 °F (26.3 °C)
and 76.3 %. Total rainfall for July was 46.0 mm. Two searches produced 4
encounters with toads 3 were new individuals.
Temperature and relative humidity means in August were 77.9 °F (25.5
°C) and 72.0 %. Total rainfall for August was 17.4 mm. Twelve searches
produced 10 encounters with toads, 2 of which were new.
Temperature and relative humidity means in September were 72.3 °F
(22.4 °C) and 73.4 %. Total rainfall for September was 123.4 mm. Ten searches
produced 16 encounters, 3 of which were new.
Temperature and relative humidity means for October were 57.4°F (14.1
°C) and 84.2 %. Total rainfall for October was 121 mm. Six searches produced
10 encounters, 3 of which were new individuals.
Telemetry
Two adult toads were captured on July 27, 2002, implanted with
transmitters on August 20, 2002, and released on August 24, 2002. Toads were
tracked 24 times between August 25, 2002 and November 11, 2002 and 12
encounters were made. Toad 822 used the same burrow the entire year and toad
803 used 4 burrows. Maximum distances from burrows varied from 40.1 in. (102
cm) (toad 822) to 78.6 in. (200 cm.) (toad 803). See fig. 3.6 for movement
diagram of both toads.
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Toad 803

Toad 822

Figure 3.6. Diagram showing toad movements at Allied
Warehousing. Red circles are burrows. Black lines indicate areas
toads were found in relation to burrows. Green lines represent
movements from one burrow to the next.
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Movement, Foraging, and Breeding
During the entire study, 31 toad encounters were made with toads near a
burrow. The mean distance toads were found from burrows was 13.6 in. (34.5
cm), minimum distance was 0.8 in. (2 cm), and the maximum was 80.2 in. (204
cm). Soil temperatures throughout the study ranged from 50-82.4 °F (10-28 °C)
and toads were found at a minimum soil temperature of 59 °F (15 °C) ranging up
to 82.4°F (28 °C) (Fig. 3.7). Relative humidity ranged from 0-100 %. Toads were
found at a minimum relative humidity of 73 % thru a maximum of 99%. Total
rainfall within 24-hrs of a given search night ranged from 0-1.8 in. (0-45.6mm).
Sixteen of the 45 search nights were conducted without rainfall within a 24-hr
period. Out of these 16 search nights with no rain, there were 6 nights, which
produced 14 toad encounters. Air temperatures of night searches throughout the
study ranged from 48.2-82.4 °F (9-28 °C). Toads were found at a minimum air
temperature of 64 °F (17.75 °C) thru a maximum air temperature of 81.5 °F
(27.50 °C).
Breeding did not take place at either site in 2002. One chorusing male
was witnessed on 7-14-02 at 10:30 pm with air temperature of 70.7 °F (21.5 °C),
relative humidity of 93.7 %, and 1.38 in. (35.4 mm) of rainfall within a 24-hr
period.
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Figure 3.7. Number of toads observed at various soil temperatures.
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Fourteen different toads were witnessed during the study, 5 were adults
and 9 were juveniles. All adults were females. Adult SVL ranged from 1.9-2.3 in.
(49.6-59.3 mm) and weights ranged from 17.2-29.2 g. Juvenile SVL ranged from
1.4-1.8 in. (36.5-46.7 mm) and weights ranged from 7.5-15.25 g. See Table 3.2
for all measurement data.
Historical Site Searches and New Records
Eight historical sites are listed in the N. Bayard Green Museum of Natural
History at Marshall University. Seven of these 8 historical sites (Table 3.3) were
searched in 2002. Since historic records are vague I examined old topographic
maps, conducted Internet searches, and talked with local people to narrow down
locations of sites as much as possible. Searches were made during or after
large rain events in hopes of finding choruses, eggs, or larvae. No toads were
found but notes were taken on location and habitat.
Green (1963) reported locations in Huntington at 2nd street and 8th avenue
as extirpated due to elimination of breeding site. A search of the area produced
no possible breeding sites; I concur with Green’s conclusion that these sites have
been extirpated. The Kenova site is located beside Big Bear in Kenova.
According to local people, the parking lot of this supermarket covers an area that
held water after heavy rains. It is uncertain if it was the breeding pool that Green
(1963) recorded. A search of the area revealed 1 possible breeding site so this
population may be extant. Haphazard searches of the area produced no toads.
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Table 3.2. Morphometric data of all toads captured. Only the weight and SVL
were taken on the first 2 toads captured therefore * indicates no data.

SVL (mm)
36.5
50
40.3
49.6
53.3
45.4
45
45.2
42.8
53.9
40.3
59.3
50.4

Cranial
(mm)
*
*
15.5
21.1
20.5
18.6
19.5
19.1
17.1
21.5
16.7
22.3
20.9

EYE (mm)

Tibia (mm)

WT. (g)

*
*
5.9
6.6
6.1
5.1
5.1
5.2
5.2
5.1
5.3
6.7
5.5

*
*
16.9
18.2
19.6
17.0
17.8
18.6
16.3
21.8
15.1
25.5
19.0

7.5
17.25
11.5
22.0
22.0
15.0
14.0
12.0
10.5
23.0
9.5
29.2
17.2
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Table 3.3. List of historic Spadefoot records with locations and dates. Data
taken from the N. Bayard Green Museum of Natural History at Marshall
University * Indicates no data.

County
Cabell
Hardy
Mason
Mason
Wayne
Wayne
Wood
Kanawha

City
Huntington
Wardensville
Gallipolis Ferry
Camp Conley
Ceredo/Kenova
Shoals
Parkersburg
Hansford
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Date
1939
*
1952
1970
1939, 1960, 1966
1969
1961
1967

Camp Conley is located in Mason County just north of Point Pleasant.
Records do not detail the exact location of this site. Large crop fields with sandy
soils surround the area and compared with other sites, this has potential habitat.
To allow a better view of the area, which may aid in the location of possible
breeding sites, a search should be conducted after heavy rains in early spring
before planting crops or late fall after crops have been harvested. Crop fields
with Spadefoot populations such as these are reported throughout the literature.
This population may also be extant.
Beale School ground, in Gallipolis Ferry, Mason County, is another
historical record. This area was searched but breeding sites were not located.
The area around the school contains sandy soils. A conversation with a local
farmer revealed that the old school had been torn down and a new one
constructed. The farmer stated that water would stand in the lower end of the
schoolyard until the new school was built. There is habitat potential at this
location.
Hansford, Kanawha County, lies along a densely populated area of
Kanawha River. Again, the specific collection location is vague. One potential
breeding site was found in a mobile home park. Habitat at this location is
questionable due to the number of houses in the area but populations may exist
since the area is in the floodplain.
Parkersburg, Wood County is another historic site. The specific collection
site was not given. No potential breeding sites were found but the area is large
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and heavily populated. Potential habitat is possible near the Ohio and Little
Kanawha rivers.
The Wardensville site in Hardy County was not searched because heavy
road construction did not allow entrance to the small access road leading to the
site. Soil within the floodplain of the site is sandy and there is potential habitat in
surrounding areas.
There is another historical record at Shoals, Wayne County but the exact
location of the site is unknown. Searches of the area produced no potential
breeding pools. Dr. Michael Seidel of Marshall University stated that he knew of
a population in Lavalette not far from the Shoals area. This area was searched
and a local resident described a toad that breeds in his back yard after heavy
rains. This description matches that of Spadefoot’s. The presence of toads has
yet to be confirmed.
One new population was discovered in Belleville, Wood County on 6-1802. A local resident who recently read an article published on Spadefoots by
Keith Johnson and Dr. Thomas K. Pauley discovered this population. She
immediately contacted the authors. A search of the area revealed a dried
breeding pool surrounded on one side by a soybean field and on the other by the
Ohio River (Fig. 3.8). Metamorphs were found under moist vegetation in the
bottom of the pool (Fig. 3.9). This discovery suggests that Spadefoots can
survive in agricultural areas.
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© Keith A. Johnson
Figure 3.8. Breeding pool at Belleville, Wood Co. Recent
metamorphs were found under the vegetative material in the bottom
of the dry pool. Ohio River is in background
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© Keith A. Johnson
Figure 3.9. Recently metamorphed Spadefoot at new location in
Belleville. Specimens of this size were found under moist vegetation
within the dried breeding pool.
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Soil
Soil analysis by hydrometer method produced the following results.
Samples 1 and 2 were sandy loam with 68.5 % sand, 5.7 % clay, 25.8 % silt and
79.3 % sand, 4.6 % clay, and 16.1 % silt, respectively. Samples 3 and 4 were
loamy sand with 87.1 % sand, 4.3 % clay, 8.5 % silt and 84.6 % sand, 4.6 %
clay, and 10.8 % silt, respectively. Samples 5 and 6 were sand with 95.5 %
sand, 4.5 % clay, no silt and 93.1 % sand, 4.5 % clay, and 2.4 % silt,
respectively.

51

Chapter IV
Discussion
Environmental Factors and Breeding
The drought witnessed in 2002 during my study period, created
unfavorable breeding conditions for Spadefoots. Green (1963) stated that
breeding requires 2.0 in. (50.8 mm) of rainfall within a 24-hr period accompanied
by air temperatures of 50 °F (10 °C) or above. These conditions only occurred 2
times during my study, April 28 and September 26. On each of these dates,
environmental conditions were equal to or more than the minimum-breeding
threshold found in the literature. It is unclear why toads did not breed. Ball
(1936) observed that a minimum soil temperature of 36.5 °F (2.5 °C) at burrow
depth and saturated soils were required for breeding. In my study, soil
temperatures within the first 3 cm were 60.8 °F (16 °C) at each site on April 28
and 59 °F (15 °C) on September 26. At Allied Warehousing the breeding pool
was full after each rain event but dried within a few days. At VPP the September
26 rain event did not completely fill the pool and it dried in about a week. These
results indicate that the soil was not saturated thus allowing water to percolate
out. It could be that in times of drought, multiple days of rain are required to first
saturate the soil then fill the breeding pools. Therefore, the 2.0 in. (50.8 mm) of
rain in 24-hrs that Green (1963) suggested may only be valid in years of normal
precipitation.
One instance during the study still leaves the question if breeding
conditions can be predicted. On July 13 one adult male was witnessed calling at
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Allied Warehousing. The air temperature was 70.7 °F (21.5 °C), relative humidity
95.7 %, and 1.38 in. (35.4 mm) of rain had fallen. No significant rain had fallen in
over a week and the pool at VPP remained dry after the rain. This was the only
toad heard calling during the entire study. No eggs were laid and the pool dried
within a few days. Ball (1936) reported a similar occurrence on April 16 and 18,
1934 at which time environmental conditions were adequate but Spadefoots did
not breed. He also stated that Spadefoots seem to have the ability to maintain
ova and sperm until environmental conditions are favorable for breeding. My
study demonstrates that Spadefoots do not breed every year and therefore
supports Ball’s claim of Spadefoots ability to maintain ova and sperm.
Telemetry and Movement
The range toads could be tracked was minimal due to the small
transmitter necessary to implant in a small animal. Transmitters were strong
enough to be located while toads were in burrows. Since toads are small, blend
with their environment, and do not move when approached, telemetry is ideal for
determining their location. During the study, haphazard searches were
conducted before telemetry work to locate non-implanted toads. It can be difficult
to locate toads even if burrow locations are known. For example, on more than
one occasion implanted toads were missed during haphazard searches but were
located during telemetry work. Tracking toads was not difficult because their
home range is small. Toad 822 used the same burrow throughout the entire
study but toad 803 used 4 burrows. According to Burger (1957), toads use 1-5
burrows within an area about 100 square feet where they normally forage within
a radius of 2-3 feet (30.5-61 cm) Pearson (1957) observed one toad from the
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same burrow for 51 months. The results of my study reflect on each of the
authors’ observations in both burrow use and foraging distances. The home
range of about 100 square feet was not witnessed in my study possibly because
industrial and suburbanized areas surround the habitat. Jansen et al. (2001)
tested the burrowing preference of Spadefoots in various substrates found in
urban Florida. They found that toads prefer sand significantly more (P<0.001)
than soil, gravel, and sod. Their results also demonstrate that toads could not
burrow into sod. They concluded that populations will not persist if sand is not a
surface substrate. The population at Allied Warehousing is located within or next
to the abandoned railroad and may be confined there due to the unsuitable
habitat. The area around it consists of sod and according to Jansen et al. (2001)
could effect burrowing which limits the home range.
Pearson (1955) observed that toads of the same gender do not overlap
home ranges and his field observations led him to conclude that toads are
territorial. This factor along with a small suitable habitat could drastically
decrease the home range at Allied Warehousing. The habitat at Virginia Point
Park is less restricted. Though no toads were implanted at VPP due to lack of
adults witnessed, the habitat, such as the large sandy areas, would be an ideal
location for telemetry work. Toads in this area may exhibit a larger home range
than those of Allied Warehousing because the restrictions of the industrial sites
and suburbanized areas are not present.
Emergence
Results of toad emergence are comparable to those found in literature.
Green (1963) observed toads at a minimum air temperature of 50 °F (10 °C).
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The results of my study found toads at a minimum air temperature of 64 °F (17.8
°C) and a minimum relative humidity of 73 %. The majority of toads were found
above 80 % relative humidity. This directly correlates with observations by
Pearson (1955) who found significantly more (P=0.01) toads above 80 % relative
humidity than below. Amount of rainfall within a 24-hr period did not seem to be
a distinguishing factor in determining toad emergence. It was found that toads
emerged with little or no rain within a 24-hr period. In fact, the 25 search nights
in which toads were encountered, 12 nights had rainfall of 0.1 in. (3 mm) or less.
The majority of literature states that toads will emerge based on just temperature
and humidity. The results of my study show that toads emerge as much without
rainfall as within a 24-hr rain event as long as the temperature and humidity
requirements are met.
Soil
Soil from the study areas was sandy loam, loamy sand, or sand. This
agrees with the majority of literature, which states that toads prefer loose sandy
soils to facilitate burrowing.
A soil survey of Wayne County conducted by the United States
Department of Agriculture (USDA) classifies the soil at the VPP area as
Udorthents, smoothed (Ud). This soil is described as shallow to deep, level to
steep, and well drained. It consists of a mixture of soil, rock, and/or coal
fragments. Soil contains a wide range of different textures and amounts of rock
and coal fragments. Soil in the area of Allied Warehousing is classified as Urban
land-Ashton-Lindside complex (UsB), 0-8 % slopes. It is described as Urban
land with very deep, nearly level and gently sloping well to moderately well
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drained Ashton and Lindside soils. Streets, parking lots, buildings, and other
structures cover urban land (USDA 1993). A soil survey of Wood County
indicates that the soil at the Belleville site is Huntington silt loam (HnB), 0-3 %
slopes. This soil is described as deep, well drained normally occurring in
bottomlands. Soils develop from alluvium washed from upland areas and are
easily worked and naturally fertile (USDA 1970).
Results of the soil analysis are comparable to those found throughout the
literature. Ball (1936) observed Spadefoots in the same type sandy loam soils as
I did. Jansen et al. (2001) stated toads prefer loose friable soils derived from
surficial sands and requires this type soil for its habitat. Many other authors state
that Spadefoots are associated with loose sandy soils (Burger 1957; Bartlett and
Bartlett 1999; Johnson 2000; Conant and Collins 1998; Green and Pauley 1987).
This study determined that toads use at least 3 different soil textures and
this may help in determining other Spadefoot locations. Use of USDA soil
surveys may be an effective way to obtain information about possible Spadefoot
habitat.
Perhaps other populations of Spadefoots exist in the state especially
along the Ohio River. Traveling roads while listening for choruses is one good
way of locating populations but it requires the researcher to be out the same
night breeding takes place, which can be unpredictable. Perhaps the best way of
locating new populations is to look for larvae in ephemeral pools. I have seen
this method work on several different occasions in West Virginia and Ohio.
Posting flyers in areas where Spadefoots may occur did not prove successful in
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2002 but publishing newsletter and magazine articles about them did. Publishing
newspaper articles may be the next step in finding new populations.
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Summary
This study used haphazard searches and telemetry methods to track
movements and habitat use of two recently discovered populations of
Scaphiopus holbrookii in West Virginia. It was the purpose of this study to
determine their home range and habitat use. Forty-five encounters of 14 different
toads were made. Toads were found to forage a mean distance of 34.5 cm from
their burrows. Most toads used the same burrow throughout the study but 1 toad
used 4 burrows. Habitat consisted of open areas with soil textures of sandy loam,
loamy sand, and sand.
Radio-transmitters were surgically implanted in two specimens from one
breeding site to provide data about habitat use and emergence. Data loggers
were installed at each of the two sites in order to record rainfall, relative humidity,
and air temperature. Abiotic factors were recorded to help determine conditions
required for breeding and foraging of S. holbrookii. Toads emerged at a
minimum relative humidity of 73 %, a mean air temperature of 17.7 °C, and a
minimum soil temperature of 15 °C. Rain was not a factor in toad emergence.
Toads did not breed at either site in 2002.
Historic sites recorded in the N. Bayard Green Museum of Natural History
at Marshall University were visited during or shortly after rain events but no toads
were found. One new population was found in Belleville, Wood County. There
are now 9 locations in 6 counties where Spadefoots have been found.

58

Literature Cited
Abbott, C. C. 1884. Recent studies of the spadefoot toad. American Naturalist.
18(11):1075-1080.
Ball, S. C. 1936. The distribution and behavior of the spadefoot toad in
Connecticut. Transactions of the Connecticut Academy of Arts and Sciences.
32:351-379.
Barbour, M. G., J. H. Burk, W. D. Pitts, F. S. Gilliam, and M. W. Schwartz. 1999.
Terrestrial plant ecology, 3rd Edition. Menlo Park, CA: The Benjamin/Cummings
Publishing Company, Inc.
Bartlett, R. D., and P. P. Bartlett. 1999. A field guide to Florida reptiles and
amphibians. Houston, TX: Gulf Publishing Company.
Bouyoucos, G. J. 1951. A recalibration of the hydrometer method of making
mechanical analysis of soils. Agronomy Journal. 43:434-438.
Bragg, A. N. 1965. Gnomes of the night. Philadelphia, PA: University of
Pennsylvania Press.
Burger, W. L. 1957. The eastern spadefoot: storm frog of the east. Virginia
Wildlife. 18(8):22-24.
Collins, J. T. 1991. Viewpoint: a new taxonomic arrangement for some North
American amphibians and reptiles. Herpetological Review. 22(2):42-43.
_________. 1997. Standard common and scientific names for North American
amphibians and reptiles, 4th Ed.
Conant, R. and J. T. Collins. 1998. A field guide to reptiles and amphibians:
Eastern and Central North America, 3rd Ed. New York, NY: Houghton Mifflin
Company.
Driver, E. C. 1936. Observations on Scaphiopus holbookii (Harlan). Copeia.
1:67.
Giovannoli, L. 1936. Scaphiopus holbrookii in Kentucky. Copeia. 1:69.
Gosner, K. L. 1957. Scaphiopus-the rain frog. Natural History. 1:373-375.
__________ and I. H. Black. 1955. The effects of temperature and moisture on
the reproductive cycle of Scaphiopus h. holbrooki. American Midland Naturalist.
54(1):192-203.

59

Green, N. B. 1948. The spadefoot toad, Scaphiopus holbrookii, breeding in
Southern Ohio. Copeia. 1:65.
_________. 1963. The eastern spadefoot toad, Scaphiopus holbrookii Harlan,
in West Virginia. Proceedings of the West Virginia Academy of Science. 35:1519.
_________ and T. K. Pauley. 1987. Amphibians and Reptiles in West Virginia.
Pittsburgh, PA: University of Pittsburgh Press.
Hampton, S. H. and E. P. Volpe. 1963. Development and interpopulation
variability of the mouthparts of Scaphiopus holbrookii. American Midland
Naturalist. 70(2):319-327.
Jansen, K. P., A. P. Summers, and P. R. Delis. 2001. Spadefoot toads
(Scaphiopus holbrookii) in an urban landscape: effects of nonnatural substrates
on burrowing in adults and juveniles. Journal of Herpetology. 35(1):141-145.
Johnson, T. R. 2000. The amphibians and reptiles of Missouri, 2nd Ed. Jefferson
City, MO: Missouri Department of Conservation.
Lamoureux, V. S. and D. M. Madison. 1999. Overwintering habitats of radioimplanted green frogs, Rana clamitans. Journal of Herpetology. 33(3):430-435.
Lynch, J. D. 1964. Two additional predators of the spadefoot toad, Scaphiopus
holbrooki (Harlan). Journal of the Ohio Herpetological Society. 4(4):79.
Minton, S. A. and M. R. Minton. 1960. Additional records of the eastern
spadefoot from Indiana. Herpetologica. 16:259.
Mount, R. H. 1975. The reptiles and amphibians of Alabama. Tuscaloosa, AL:
The University of Alabama Press.
N. B. Green Museum of Natural History. Marshall University, Huntington, WV.
Pearson, P. G. 1955. Population ecology of the spadefoot toad, Scaphiopus h.
holbrooki (Harlan). Ecological Monographs. 25(3):233-267.
___________. 1957. Further notes on the population ecology of the eastern
spadefoot toad. Ecology. 38(4):580-586.
Pike, N. 1886. Notes on the hermit Spadefoot (Scaphiopus holbrookii Harlan; S.
solitarius Holbrook). American Museum of Natural History. Bulletin No. 7. 213220.

60

Richmond, N. D. 1947. Life history of Scaphiopus holbrookii holbrookii (Harlan).
Part I: larval development and behavior. Ecology. 28(1):53-67.
Rothman, N. and R. Smith. 1960. Winter breeding records for Scaphiopus h.
holbrooki. Bulletin of the Philadelphia Herpetological Society. 8(4):10-11.
Semlitsch, R. D. and J. P. Caldwell. 1982. Effects of density of growth,
metamorphosis, and survivorship in tadpoles of Scaphiopus holbrooki. Ecology.
63(4):905-911.
Stejneger, L. and T. Barbour. 1933. Checklist of North American amphibians
and reptiles, 3rd Ed. Cambridge, MA: Harvard University Press.
Stone, W. 1932. Terrestrial activity of spadefoot toads. Copeia. 1:35-36.
Tanner, V. M. 1939. A study of the genus Scaphiopus. Great Basin Naturalist.
1(1):3-23.
U.S.D.A. 1970. Soils of Wood and Wirt Counties, West Virginia. Soil
Conservation Service.
______. 1993. Soil survey of Wayne County, West Virginia. Natural Resources
Conservation Service.
Wright, A. H., and A. A. Wright. 1949. Handbook of frogs and toads of the
United States and Canada, 3rd Ed. Ithaca, NY: Comstock Publishing Associates.

61

Supplementary Data
The spring of 2003 had above average rainfall. April had 92.8 mm (3.6
in.) of rain and May 94.4 mm (3.68 in.) by the 10th. This excess rain led to the
breeding of Eastern Spadefoots the week of May 5th at Allied Warhousing.
Average temperature for that week was 20.3 °C (68.5 °F) and average relative
humidity was 85.7 %. A search of the breeding pool on May 8th revealed no eggs
or larvae. On May 10th a large isolated thunderstorm move through the area
creating localized flash flooding. A new population of Spadefoots was found in
Milton, WV (Cabell County). Spadefoots were heard calling at 4 locations in
Milton with one location having a full chorus. The next day larvae were seen in
the Allied Warehousing pool. I have concluded that these larvae were from a
breeding event sometime between May 8th and 9th and not from the same event
that took place in Milton. Less than 12-hrs had passed between witnessing the
choruses at Milton and locating larvae at Allied Warehousing. This was not
adequate time for the larvae to develop into the size that they were. The
localized storm did not occur at Allied Warehousing for only 25.4 mm (1 in.) of
rain fell on the 10th. Spadefoots did not breed at Virginia Point Park or at the
possible site in Lavalette. I received a report of numerous choruses in Ohio on
May 10th as well as an email from Patricia Morrison that the Belleville population
had chorused that same night.
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Curriculum Vitae
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Marshall University, Huntington, WV

2003
MS, Biology, Minor: Environmental Science

Marshall University, Huntington, WV
2001
BS, Environmental Biology, Minor: Chemistry

Hurricane High, Hurricane, WV
1992
H.S. Diploma

Volunteer Work

North American Amphibian Monitoring Program, Laurel, MD 20708
Frog Call Volunteer
Recorded frog calling activity along a designated route in Wayne
County, WV. Collected data such as air temperature and chorus size
following a standardized protocol.
Wayne National Forest, Ironton, OH
Volunteer Biologist
Rough sorted aquatic macroinvertebrates from stream samples.
Supervised by Fisheries Biologist Becky Ewing

Relevant Experience
Marshall University
2001 to 2003
Huntington, WV 25755
Job Title: Research Assistant (20-40 hours per week; $6.25 per hr)
Supervisor: Dr. Thomas K. Pauley
Marshall University Biology Department
400 Hal Greer Blvd.
Huntington, WV 25755
304-696-2376
Reconnaissance and Establishment of Long-term Monitoring of
Vertebrates in the Gauley National River
Duties: Conducted haphazard searches both night and day to locate
amphibian and reptiles within the Gauley National River area. Identified
and measured all specimens. Recorded habitat types, location (UTM) and
took abiotic measurements when specimens were found. Mapped each
location on topographic maps. Data used for herpetofauna inventory of
park. Funded by the National Park Service.
WV Division of Natural Resources Turtle Inventory
Duties: Set and serviced turtle traps by boat within the Ohio River
drainage. Identified each specimen and took a variety of measurements.
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Documented each capture using digital photography. Recorded locations
with GPS equipment. Data used to determine distribution of species
across the state. Funded by WV Division of Natural Resources.
USGS Stream Salamander Survey
Duties: Set up transects and quadrats within streams following USGS
protocol. Captured adult, subadult and larval salamanders. Identified,
measured and recorded salamander data. Measured and recorded
environmental data of stream. Conducted weekly equipment inventory.
Helped to coordinate survey crew. Funded by USGS.
USDA Forest Service Non-Target Impacts from Regional Insecticide
Applications and Gypsy Moth
Defoliation
Duties: Conducted terrestrial and aquatic surveys both night and day
to determine salamander presence. Followed protocol for long-term
amphibian monitoring. This involved the use of artificial cover objects
(ACO), terrestrial and aquatic transects, point surveys, refugia bags and
haphazard searches. Identified species and took appropriate
measurements. Measured and recorded abiotic data. Collected soil and
leaf litter samples for lab analysis. Compiled seven years of data and set
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Service.
University of Pittsburgh , 5th Avenue, Pittsburgh, PA 15260
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Supervisor: Dr. Thomas K. Pauley
Marshall University Biology Department
400 Hal Greer Blvd.
Huntington, WV 25755
304-696-2376
National Park Service Inventory
Duties: Conducted both day and night haphazard searches for reptiles
and amphibians in Harpers Ferry Historic National Park, Harpers Ferry,
WV. Captured, identified, measured, and released all amphibians and
reptiles found. Data used to determine the herpetofauna within the park
boundaries. Funded by the National Park Service.
WV Department of Agriculture, Charleston, WV 25305-0191
2001
Job Title: Slow the Spread Project (STSP) Trapper (40 hour week;
$6.75 per hour)
Supervisor: Tim L. Brown
State Capital
1900 Kanawha Blvd., East
Charleston, WV 25305-0191
304-558-2212
Duties: Worked independently to set and service gypsy moth
monitoring traps. Everyday use of topographic maps and GPS equipment.
Use of ATV. Had daily discussions about the STSP program with local
residents and land owners. Met with supervisor once a week to download
data.
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$6.50 hour)
Supervisor: Tim L. Brown
State Capital
1900 Kanawha Blvd., East
Charleston, WV 25305-0191
304-558-2212
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monitoring traps. Everyday use of topographic maps and GPS
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Ohio Department of Natural Resources, Columbus, OH 43224
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625 Crescent Road
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Publication Summary
Dickson, Nancy J., Keith A. Johnson, and Thomas K. Pauley. 2001. A
one-year comparison of Historical Blanchard's cricket frog sites in
western West Virginia to Current sites in southeastern Ohio. Joint
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comparison of historical Blanchard's cricket frog sites in western West
Virginia to Current sites in southeastern Ohio. Southeastern Biology
48(2): 95 (Abstract).
Johnson, Keith J., Michael S. Osbourn, Thomas K. Pauley, and Mark B.
Watson. 2002. Seasonal Activity Patterns of Plethodon cinereus and P.
hoffmani in West Virginia. Southeastern Biology 49(2): 115 (Abstract).
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Licenses

West Virginia Amphibian and Reptile Collecting Permit

Strengths
Native of the Appalachian Plateau with knowledge of its flora and fauna
Work well in the field under various weather conditions
Strong educational background in environmental biology with emphasis
in herpetology
Experienced in collecting field data
Quick to learn new concepts and ideas
Dependable and hard working

Computer Skills
Microsoft Word, Excel, Access, PowerPoint
Sigma Stat
Sigma Plot
Arcview (minimal)
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